The principal morphogenic responses of dicotyledonous seedlings to red radiant energy have been reported to be an inhibition in growth of hypocotyl when present, an accelerated straightening of the plumular hook, an accelerated leaf expansion, an increased rate of epicotyl development, and a generally increased rate of tissue maturation (7, 10, 13, 15) . In the monocotyledons, the most conspicuous response is a reduced growth rate of the first internode (11). The longer wave lengths of the visible spectrum also cause chlorophyll synthesis and photosynthesis. Due principally to. the overlapping of the action spectra of these three photochemical reactions, it has been impossible to separate photomorphogenesis from the other two reactions. Consequently, when red radiant energy is used, the biochemical investigation of photomorphogenesis is complicated by the products of three photochemical reactions occurring simultaneously. It, therefore, would be advantageous to be able to separate photomorphogenesis from chlorophyll synthesis and photosynthesis. Attempts to accomplish this separation by the use of albino or chlorophyll-deficient plants have not been successful since all plants so far tested in this laboratory have contained significant quantities of chlorophyll.
These observations indicated that it might be possible to separate photomorphogenesis from chlorophyll synthesis and photosynthesis by the use of more refined filter techniques.
In addition to inducing various growth responses in young shoots, converting protochlorophyll to chlorophyll, and supporting photosynthesis, visible radiant energy has been shown to cause an increased rate of synthesis of such diverse pigments as the carotenoids and the anthocyanins. These pigments usually are synthesized in the dark, but irradiation greatly increases the rate of synthesis in some tissues (1, 5, 12) and the evidence points to photochemically accelerated synthesis of both groups of pigments by other than photosynthetic products, although the question is by no means definitely resolved.
The present report represents the results of experiments designed to achieve photochemical separation of the photomorphogenic reactions from chlorophyll synthesis and photosynthesis. In the course of examining acetone and aqueous extracts of the plant material, it was observed that the spectral regions which were most effective in inducing the growth reactions also altered the pigment picture as regards the chloroplast pigments and anthocyanin. Data on these pigment changes are presented, although no direct relationship to photomorphogenesis is as yet clear.
Materials and methods
The plant material was grown in subirrigation nutrient culture (18) in eight growth chambers placed in a room where the temperature and humidity were controlled. These chambers were constructed of marine plywood as shown in figure 1 and were enameled white inside and black outside. A small blower in the space below the culture pan of each compartment forced air from the room into the compartment and out through baffles near the top of the chamber. Warm air from the irradiation system in the top of the compartment was discharged into the room before reaching the plants. A small amount of filtered fresh air from outside the building was forced into the room continuously.
The complete irradiation system for each compartment consisted of internal reflector lamps mounted in a water-cooled glass-bottomed tank, a 10-cm. aqueous primary filter, and a dyed gelatin secondary filter. The irradiation system used is described elsewhere (16) . The dyed gelatin secondary filters were prepared in this laboratory by a technique also presented in detail elsewhere (17) . The composition of the filters used and their per cent. transmittances are given in . 
PLANT PHYSIOLOGY
In bean, the leaf blade alone was used for chloroplast pigment analyses, but in corn, the entire excised shoot was used. The portions to be extracted were removed from the plants in complete darkness and weighed in tight aluminum cans. They were immediately macerated in the dark in 50 ml. of acetone in a Waring Blendor for five minutes at 2°C and the slurry was filtered with suction. The acetone filtrate was added to 40 ml. of ethyl ether and washed with water three times in a 1000-ml. separatory funnel by the method used by KOSKI et al. (9) . The ether solutions were made up to equal volumes per unit fresh weight of tissue and the absorbancy (6) or density (log Ia/I) was determined in a Beckman spectrophotometer at selected wave lengths. For protochlorophyll and chlorophyll, absorbancies were measured at 625, 645, 665, and 690 mut in 10-cm. cells. The following equations were used for determining the concentrations in micrograms per gram of fresh weight of tissue and were adapted from those developed by KOSKI et al. (8) The absorbancy value at 690 mu was used as a measure of the scattering resulting from colloidally dispersed material which sometimes appeared due to incomplete filtering or separation of the ether solution into two phases.
No pigments with appreciable absorption at 690 mju are present, and an appreciable absorbancy at this wave length indicates energy loss by scattering. It therefore serves as an index of the error entering the determinations of absorbancy. The morphological responses to varying irradiances of far red (725 mu) are graphed in figure 3 . Cotyledon weight decreased and length and weight of the epicotyl and weight of the leaves increased with irradiance, although nearly the maximum response occurred at 150 or 450 Uw./cm.2 This result indicates saturation for this wave band at these irradiances, excepting for the hypocotyl, which decreased progressively in length and weight with irradiance to the highest value used. The fresh weights of the bean leaves used in the pigment assays are given in table III and figure 4. The increase in fresh leaf weight with irradiance follows the same general pattern as the dry leaf weight increase. It was observed qualitatively that those treatments which were most effective in causing leaf development, inhibition of 1500 ,w./cm.2, was only 1.5% of this value. A small additional infrared irradiance was produced by the heating of the secondary filters at the highest irradiance, but this did not more than double the irradiance as measured by the water cell and thermocouple detector. Thermometers placed in the plots indicated that there was never more than a 10 C difference in air temperature between compartments.
These results indicate that the central feature of photomorphogenesis in bean is the photochemical initiation of active growth in the epicotyl, directed principally toward the rapid maturation of the leaves. The accelerated terminal growth places greater demands on the cotyledonary food reserves, which results in accelerated translocation to the epicotyl and leaves. In corn the far red accelerates leaf growth, but not to as great a degree as in bean. Wlhile several reports (3, 12) have demonstrated that low temperature and sugars supplied in the substrate or endogenously via photosynthesis will promote the synthesis of anthoevanin, it is evident that these are not the factors contributing to synthesis by far red radiation, as reported here. Whether the increased synthesis of anthocyanin with radiant energy is a direct or indirect photo-response is not clear as yet.
Summary
The design of a growth chamber and a water-cooled and filtered irradiation system is described for growing plants under controlled conditions of temperature, humidity, irradiation, and nutrition.
Results are presented on the effects of the following spectral regions, applied continuously, on seedling growth and pigment synthesis in bean and 
